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CONTROL SYSTEM FOR CHARGING 
BATTERIES AND ELECTRONIC APPARATUS 
USING SAME 



BACKGROUND OF THE INVENTION 

1. Held of the Invention 

The present invention relates to a control system for 
charging which enables efficient charging of rechargeable 
batteries, a control system for charging which enables accu- 
rate charging of the rechargeable batteries, and an electronic 
apparatus which enables measurement of the charging/ 
discharging current of the rechargeable batteries by a simple 
configuration. 

2. Description of the Related Art 

A portable electronic appararus such as a notebook com- 
puter carries batteries as the power supply for the apparatus. 
Generally, rechargeable batteries (rechargeable batteries) 
such as NiCd. NiMH (nickel metal hydride), or Ii+ batteries 
are mounted due to the operating costs of the apparatus, the 
desire for an instantaneously dischargahle current capacity, 
eta Also, there are many examples in which a charger is 
built in so as to enable easy charging of the rechargeable 
batteries mounted inside the apparatus by just connecting an 
AC adapter etc to the apparatus. 

In such a portable electronic apparatus, usually the inter- 
nal rechargeable batteries are used as the power supply of 
the apparatus, but when operating the apparatus on a desk 
etc.. the apparatus is also operated while drawing power 
from an external power source through an AC adapter. 

If the power which can be supplied from the AC adapter 
connected to the apparatus is sufficiently larger than the 
maximum power used by the apparatus and the maximum 
power necessary for the charging of the rechargeable 
batteries, it is possible to simultaneously operate the appa- 
ratus and charge the internal rechargeable batteries. 
However, where the capability of the AC adapter is smaller 
than this, supply of power for both of the operation of the 
apparatus and the charging of the internal batteries becomes 
impossible. Therefore, just one of them is performed in 
accordance with the status of use of the apparatus. AC 
adapters actually used for such apparatuses are limited in the 
amount of power which they can supply due to cost and size 
factors. In general, it is a rare that both operations are 
simultaneously carried out 

Usually, so as to minimize the cost and size of the AC 
adapter, generally the capability of the AC adapter is set to 
the larger of the m CTjTmim power necessary for the c h a r ging 
of the internal rechargeable batteries and the maximum 
power to be used by the apparatus. Also, in an apparatus 
designed to operate on the batteries, generally the power for 
charging the internal rechargeable batteries is larger man the 
inn^rr-mm power consumption of the apparatus. This is 
because if the reverse were true, then the time during which 
the apparatus could be operated on the batteries would 
become shorter than the time required for charging the 
batteries. This would not be practical for a commercial 
apparatus. 

In view of mis situation, up until now the method has been 
adopted of having the charger which is mounted inside the 
apparatus constantly monitor the status of the apparatus and 
charge the rechargeable batteries when the power switch of 
the apparatus is turned OFF. stop the charging to the 
rechargeable batteries when the power switch of the appa- 
ratus has been turned ON. and restart the charging when the 
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power switch of the apparatus is returned to the OFF 
position. Namely, in this configuration, the charging to the 
rechargeable batteries was carried out when the apparatus 
was not being operated and the charging to the rechargeable 
batteries was stopped when the apparatus was being oper- 
ated. 

With this setup, however, when there is excess capability 
of the AC adapter, efficient charging cannot be performed. 
Therefore, recently, the method has been adopted wherein, 
where the capability of the AC adapter is larger by a certain 
extent than the maximum power to be used by the apparatus, 
when the power switch of the apparatus is turned ON. the 
current for charging the rechargeable batteries is lowered 
and the charging is continued and when (he power switch of 
the apparatus is turned OFF. the charging is carried out by 
the original charging current Namely, in mis configuration, 
when the apparatus is not being operated, a large charging 
current is generated far charging the rechargeable batteries, 
while when the apparatus is being operated, a small charging 
current is generated for charging the rechargeable batteries. 

In a conventional charging system having such a 
configuration, as will be explained in detail later with 
reference to the drawings, usually the completion of the 
charging is detected by using the "history control 
technique", that is, monitoring the elapse of time, and 
"maximum temperature control technique", that is, moni- 
toring the maximum temperature. Between these two, the 
most widely used technique has been the detection of the 
completion of charging by monitoring the elapse of time 
from the start of the charging. 

Further, there are sometimes demands fox measurement of 
the discharging current of the rechargeable batteries as well 
in such charging processing. Conventionally, such demands 
have been met by the technique of preparing, separately 
from a first sense resistor for detecting the charging current 
of the rechargeable batteries, a second sense resistor for 
detecting the charging current of the rechargeable batteries 
and detecting the discharging current of the rechargeable 
batteries using this second sense resistor. 

However, there was a problem in that efficient charging 
was not possible when, as in the related ait. a larger of two 
levels of charging current was generated for charging the 
rechargeable batteries when the power switch of the appa- 
ratus Is turned OFF and a smaller of two levels of charging 
current was generated for charging the rechargeable batter- 
ies when the power switch of the apparatus is turned ON. 

Namely, according to this related arc the magnitude of the 
charging current must be set irrespective of the magnitude of 
the current consumed by the apparatus, so the charging 
current when the power switch of the apparatus is turned ON 
must be set to the lowest level, that is, the one for when the 
current consumption becomes the greatest Due to mis, there 
was a problem in mat the charging was not performed using 
the capability of the external power source such as the AC 
adapter to the fullest extent 

Also, when the power switch of the apparatus was left in 
the ON position, irrespective of whether or not the apparatus 
was actually being operated, the rechargeable batteries were 
charged with a small charging current Therefore, there was 
a problem that efficient charging was not performed. 

If a method of detecting the completion of charging of the 
rechargeable batteries by monitoring the elapse of time from 
the start of the charging is adopted as in the related art 
where the charging current generated by the charger dynami- 
cally changes, there was a problem that the completion of 
charging of the rechargeable batteries could not be accu- 
rately detected. 
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Further, if the method is adopted of preparing a sense 
resistor for detecting the charging current of the recharge- 
able batteries and a separate sense resistor for detecting the 
discharging current of the rechargeable batteries as in the 
related art there was a problem that two sense resistors 
became necessary and therefore the chargingMis charging 
current of the rechargeable batteries could not be measured 
by a simple configuration. 

SUMMARY OF THE INVENTION 

The present invention was made in consideration with this 
situation and has as its object to provide a novel control 
system for charging which enables efficient charging of 
rechargeable batteries, to provide a novel control system for 
charging which enables accurate charging of the recharge- 
able batteries, and to provide a novel electronic apparatus 
which enables the charging/discharging current of the 
rechargeable batteries to be measured by a simple configu- 
ration. 

To attain the above object the present invention provides 
a control system for charging in an electronic apparatus 
which charges its rechargeable batteries by using a charger 
circuit when driving the apparatus by using an external 
power source, including a first detecting means for detecting 
a differential value between a t"™«mw permissible charg- 
ing current allowed by the rechargeable batteries and a 
charging current flowing to the rechargeable batteries; a 
second detecting means for detecting a maximum usable 
current by detecting a differential value between a maximum 
supplyable current allowed by the external power source and 
the current consumption of the apparatus; a third detecting 
means for detecting a differential value between a maximum 
useable current and the charging current flowing to the 
rechargeable batteries; and a control means for controlling 
the system in accordance with the differential values 
detected by the first and third detecting means so that the 
charger circuit generates the maximum charging current 
within the range where, the charging current flowing to the 
rechargeable batteries does not exceed cither of the maxi- 
mum permissible charging current and the main ft 11 "" use- 
able current 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above object and features of the present invention 
will be more apparent from the following description of the 
preferred embodiments with reference to the accompanying 
drawings, wherein: 

FIG. 1 is a view of the configuration of a first embodiment 
of the present invention; 

FIG. 2 is a view of the configuration of a second embodi- 
ment of the present invention; 

FIGS. 3A and 3B are views of the configurations of third 
and fourth embodiments of the present invention; 

FIG. 4 shows a concrete example of the present invention; 

FIG. 5 shows a concrete example of a control circuit; 

FIG- 6 shows a concrete example of a PWM comparator, 

FIGS. 7A and 7B are views for explaining the operation 
of the PWM comparator, 

FIG. 8 shows a concrete example of a current measuring 
circuit; 

FIGS. 9A and 9B show the flow of processing to be 
executed by a microcontroller; 

FIG. 10 is a graph of the characteristics of an AC adapter; 

FIG. U shows a fifth embodiment of the present inven- 
tion; 
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FIG. 12 shows another concrete example of the control 
circuit; 

FIG. 13 is a view fox explaining the related art; and 
FIG. 14 is another view far explaining the related art 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before describing the preferred embodiments of the 
present invention, the related art and the disadvantages 
therein will be described with reference to the related 
drawings. 

A conventional configuration is illustrated in FIG. 13. 

In the figure, the rechargeable batteries are constituted by 
series-connected battery cells. The DC connector is a con- 
nector for receiving power from the outside when operating 
the apparatus on an external power source such as an AC 
adapter or charging the rechargeable batteries mounted 
inside the apparatus by the external power source such as an 
AC adapter. The DC/DC converter is the power supply 
circuit for the apparatus which receives power from the 
external power source supplied via the DC connector or the 
rechargeable batteries and produces the voltage required by 
the apparatus. 

The charger is a constant current source for producing the 
power necessary for charging the rechargeable batteries 
when power is supplied from the outside via the DC con- 
nector. The charging control portion is a control mec hanism 
for controlling the start of the charging of the rechargeable 
batteries or end of the charging in accordance with the state 
of the power supply from the DC connector or the operation 
of the apparatus and, at the same time, for controlling the 
magnitude of the charging current which is generated by the 
charger. 

D 1 and D 4 are protection diodes for preventing reverse 
current which prevent the flow of power from the recharge- 
able batteries to the outside when the AC adapter is not 
operating due to the fact no AC power is being supplied to 
the AC adapter etc. D 2 is a protection diode for supplying 
power from the rechargeable batteries to the DC/DC con- 
verter when power Is not being supplied from the outside 
and, at the same time, preventing the supply of any voltage 
supplied from the outside via the DC connector to the 
rechargeable batteries. 

The charger is a DC-DC circuit which operates under a 
PWM control mode. It is constituted by an ON*OFF con- 
trolled main transistor Tr t for switching, a choke coil Lj. a 
fly-wheel diode D 3 , a snioothing capacitor C t , resistors Ro» 
R l4 R 2 , R 3 . and R< for controlling the current, and a DC/DC 
control portion fox handling constant current control pro- 
cessing. The resistor R<> is a sense resistor for measuring the 
current charged to the rechargeable batteries. The voltage 
drop caused by mis current is divided by the resistor R x and 
the resistor R 2 and, at the same time, divided by the resistor 
R 3 and resistor R* and input to the DC-DC control portion. 
The resistor Rj is a voltage-dividing resistor for controlling 
the sense potential of the charging current measured by the 
resistor Rq and switches the magnitude of the current which 
is generated by changing the resistance value of the resistor 
R4 which is connected in parallel. 

This charger operates so as to generate arbitrarily deter- 
mined currents by the resistance values of the resistors Rq. 
R P R^ R 3 , and R*. It operates under two current modes in 
accordance with the valid or invalid state of the resistor K s 
indicated by the charging control portion. This constant 
current operation is the same as that of a regulator of a 
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switching mode. Here, when the microcontroller side of the 
resistor is in the open state and low level state, the resistor 
R 5 becomes valid and invalid, respectively. 

When the system is constituted in this way, when power 
is supplied from the outside by connection of the AC adapter 
or the like to a DC connector, the external power is supplied 
to the DC/DC converter via the diode D t . The DC/DC 
converter produces the voltage required by the apparatus in 
accordance with this. At this time, the external power is 
blocked by die diode D 2 from being applied to the recharge- 
able batteries. 

On the other hand, when power is supplied from the 
outside, the power is supplied to the rechargeable batteries 
and the charging carried out only when charging has been 
instructed and the charger is operating. When the charger 
stops, the circuit is cut by the main transistor r Tr i and no 
power is supplied to the rechargeable batteries. If the supply 
of power from the outside is interrupted, the power of the 
rechargeable batteries is supplied to the DC/DC converter 
via the diode D 2 . and the DC/DC converter produces the 
voltage required by the apparatus in accordance with it At 
this time, the power is blocked by the diodes D A and D 4 from 
flowing to the outside. 

When the charger operates by the supply of power from 
the outside, the power produced by the charger is given to 
the rechargeable batteries via the diode D 4 , whereby the 
rechargeable batteries are charged. At this time, the diode D 2 
is in a backward biasing state since the voltage which is 
input from the DC connector is higher than the voltage of die 
charger. Therefore, the charging current of the rechargeable 
batteries will not leak to the DC/DC converter side. 

During this charging processing, the charging control 
portion controls the ON*OFF state of the charger and 
controls the switching of the charging current by constantly 
monitoring the presence/absence of supply of power from 
the DC connector and the ONOFF state of the power switch 
of the apparatus. Namely, when power is supplied from the 
outside via the DC connector, when the power switch of the 
apparatus is in the OFF state and thereby the apparatus is not 
being operated, it controls the voltage on the microcontroller 
side of the resistor R5 so as to generate a larger of two levels 
of charging currents and charge the rechargeable batteries, 
while when the power switch of the apparatus is in the ON 
state and thereby the apparatus is being operated, it controls 
the voltage on the microcontroller side of the resistor Rj to 
generate the smaller of the two levels of charging currents 
and charge the rechargeable batteries. 

With such charging processing, if the charging is not 
terminated by accurately grasping the completion of the 
charging, there would be a problem of an adverse effect 
exerted upon the rechargeable batteries, which would lead to 
a reduction of the service life of the batteries. For example, 
if there is insufficient charging, mis means that the full 
capacity of the batteries could not be drawn upon and the 
operating time of the apparatus on the batteries would be 
reduced. Also, in rechargeable batteries such as NiCd. 
NiMH, and U+ batteries, the only problem with insufficient 
charging would be that the rated capacity could not be 
obtained, but in rechargeable batteries such as lead-acid 
batteries, insufficient charging would cause actual deterio- 
ration of the batteries. Also, conversely, when the charging 
is excessively increased so as to try to fully 1 nil foe the 
capacity of the batteries, the batteries become overcharged, 
which is a cause of deterioration of batteries. 

As a means for determing when the rechargeable batteries 
are adequately charged, there are the method of monitoring 
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the elapse of time from the start of the charging, the method 
of monitoring when the voltage of the rechargeable batteries 
reaches the maximum voltage value, the method of moni- 
toring when the temperature of the rechargeable batteries 
reaches a maximum temperature value, the method of moni- 
toring when the rate of temperature change of the recharge- 
able batteries reaches a rmmmnrn rate of temperature 
change, and the method of using the characteristic that the 
voltage of the rechargeable batteries slightly drops when 
charging is completed (so-called -AV characteristic). 
However, when charging over a long time, that is, charging 
with a small charging current in comparison with the charge 
capacity, control by monitoring the maximum voltage, con- 
trol by monitoring the inaximum rate of temperature change, 
and control by monitoring the -AV characteristic are not 
possible. 

In view of this, conventionally, as previously mentioned, 
usually there is adopted the method of detecting the comple- 
tion of charging by using the "history control technique" and 
the "maximum temperature control technique". Between 
these two, the former, that is, the technique of detecting the 
completion of charging by monitoring the elapse of time 
from the start of charging has been particularly widely used. 

Also, as previously mentioned, there are sometimes 
demands for measurement of the discharging current of the 
rechargeable batteries as well in such charging processing. 
Conventionally, as shown in FIG. 14, such demands have 
been met by the technique of preparing, separately from the 
sense resistor Rq for detecting the charging current of the 
rechargeable batteries, a sense resistor R, for detecting the 
discharging current of the rechargeable batteries and detect- 
ing the discharging current of the rechargeable batteries 
using this sense resistor R^, 

The above conventional configurations, however, suffered 
from the problems mentioned above. 

The present invention provides a novel control system for 
charging which enables efficient charging of rechargeable 
batteries, a novel control system for charging which enables 
accurate charging of the rechargeable batteries, and a novel 
electronic apparatus which enables the charging/discharging 
current of the rechargeable batteries to be measured by a 
simple configuration. 

The basic configurations of the embodiments of the 
present invention wffl be illustrated in FIG. 1 through FIG. 
3A and 3B. 

In the figures. 1 is an electronic apparatus provided with 
the present invention. It is provided with a load circuit 2 for 
executing the signal processing, a rechargeable battery 3 for 
supplying power to the load circuit 2, and a charger circuit 
4 for generating a charging current for the rechargeable 
battery 3 by using power from an external power source. 

The electronic apparatus 1 illustrated in FIG. 1 is provided 
with a charging current detecting means 10 for detecting the 
charging current flowing to the rechargeable battery 3; a 
current consumption detecting means 11 for detecting the 
current consumed by the load circuit 2; a first detecting 
means 12 for detecting a differential value between a maxi- 
mum permissible charging current allowed by the recharge- 
able battery 3 and the charging current which is detected by 
the charging current detecting means 10; a second detecting 
means 13 for detecting a maximum useable current by 
detecting a differential value between a inaximum supply- 
able current allowed by the external power source and the 
current consumption detected by the current consumption 
detecting means 11; a third detecting means 14 for detecting 
a differential value between the maximum useable current 
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detected by the second detecting means 13 and the charging 
current dete cte d by the charging current detecting means 10; 
a fourth detecting means 15 fox detecting a differential value 
between the maximum permissible supply voltage allowed 
by the rechargeable battery 3 and the voltage applied to the 
rechargeable battery 3; and a control means 16 for control- 
ling the charging current generated by the charger circuit 4. 

The electronic apparatus 1 illustrated in FIG. 2 is provided 
with a charging current detecting means 20 for detecting a 
charging current flowing to the rechargeable battery 3; a first 
detecting means 21 far detecting a differential value between 
the maximum permissible charging current allowed by the 
rechargeable battery 3 and the charging current detected by 
the charging current detecting means 20; a second detecting 
means 22 for detecting a differential value between the 
lowest permissible output voltage allowed by the external 
power source and the voltage which is output by the external 
power source; a third detecting means 23 for detecting a 
differential value between the maximum permissible supply 
voltage allowed by the rechargeable battery 3 and the 
voltage which is applied to the rechargeable battery 3; and 
a control means 24 for controlling the charging current 
which is generated by the charger circuit 4. 

The electronic apparatus 1 illustrated in FIG. 3A is 
provided with a detecting means 30 for detecting the charg- 
ing current flowing to the rechargeable battery 3; an inte- 
grating means 31 which integrates the charging current 
which is detected by the detecting means 30; and an issuing 
means 32 for issuing a charging end command to the charger 
circuit 4. 

The electronic apparatus 1 illustrated in FIG. 3B is 
provided with a sense resistor 40 for detecting the charging 
current flowing to the rechargeable battery 3 on the 
rechargeable battery 3 side from the connection point 
between the charger circuit 4 and the power supply circuit of 
the apparatus and, at the same time, provided with a current 
measuring means 41 for receiving the voltages at the two 
ends of the sense resistor 40 as inputs, discrirninating which 
of the two input voltages is bigger, and producing a voltage 
in accordance with the differential value between these two 
input voltages. 

In the first embodiment illustrated in FIG. 1. when the 
apparatus is driven using power supplied from an external 
power source, the control means 16 perforins the control 
according to the differential values detected by the first 
detecting means 12. third detecting means 14, and the fourth 
detecting means 15 so that the charger circuit 4 generates the 
maximum charging current within the range where the 
charging current flowing to the rechargeable battery 3 does 
not exceed either of the maximum permissible charging 
current and the i^aximum useable current and the voltage to 
be applied to the rechargeable battery 3 does not exceed the 
maximum permissible supply voltage. 

Namely, when one or more of the differential values 
detected by the first detecting means 12. third detecting 
means 14. and the fourth detecting means 15 exceeds the 
limit value, the differential value which exceeds the limit 
value to the most extent is specified. When none exceeds the 
limit value, the differential value nearest zero is specified. 
The charging current which is generated by the charger 
circuit 4 is controlled so that the specified differential value 
becomes the zero value. 

According to the control processing of this control means 
16. in the first embodiment illustrated in FIG. 1. the 
rechargeable battery 3 is charged with the maximum charg- 
ing current within a range allowed by both of the recharge- 
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able battery 3 and the external power source, and therefore 
rapid charging of the rechargeable battery 3 at the time of 
operation of the electronic apparatus 1 becomes possible. 

On the other hand, in the second embodiment illustrated 
in FIG. X when the apparatus is driven by using power given 
from an external power source, the control means 24 per- 
forms control according to the differential values detected by 
the first detecting means 2L the second detecting means 22. 
and the third detecting means 23 so that toe charger circuit 
4 generates the maximum charging current with a range 
where (he charging current flowing to the rechargeable 
battery 3 does not exceed the rnjurimiim permissible charg- 
ing current the output voltage which is output by the 
external power source is not lowered to less than the lowest 
permissible output voltage, and the voltage to be applied to 
the rechargeable battery 3 does not exceed the mart mum 
permissible supply voltage. 

Namely, when one or more of the differential values 
detected by the first detecting means 21. second detecting 
means 22, and third detecting means 23 exceeds the limit 
value, the differential value that exceeds the limit value to 
the greatest extent is specified When none exceeds the limit 
value, the differential value nearest zero is specified. The 
charging current which is generated by the charger circuit 4 
is controlled so that the specified differential value becomes 
the zero value. 

According to the control processing of this control means 
24, in the second embodiment illustrated in FIG. 2. the 
rechargeable battery 3 is charged with the maximum charg- 
ing current within a range allowed by both of the recharge- 
able battery 3 and the external power source, and therefore 
rapid charging of the rechargeable battery 3 at the time of 
operation of the electronic apparatus 1 becomes possible. 

On the other hand, in the third embodiment illustrated in 
FIG. 3A. when the charger circuit 4 generates a charging 
current which changes in accordance with the operating state 
of the apparatus so as to charge the rechargeable battery 3. 
the detecting means 30 detects the charging current flowing 
to the rechargeable battery 3. the integrating means 31 
receives this detection result and integrates the detected 
charging current, and the issuing means 32 receives this 
integration result and decides whether or not the total value 
of the integrated charging current and the current capacity 
possessed by the rechargeable battery 3 at the time of start 
of the charging has reached the maximum current capacity 
of the rechargeable battery 3 and. when deciding it has, 
issues a command for ending the charging to the charger 
circuit 4. 

In this way, in the third emrxxUment illustrated in FIG. 
3A, even if the charging current generated by the charger 
circuit 4 dynamically changes, it becomes possible to accu- 
rately detect the completion of charging of the rechargeable 
battery 3 by using the charging current 

On the other hand, in the fourth embodiment illustrated in 
FIG. 3B. the charger circuit 4 generates a charging current 
of a constant current mode to be used for the charging of the 
rechargeable battery 3 by using the charging current detected 
by the sense resistor 40. In mis sense resistor 40, the 
discharging current from the rechargeable battery 3 will also 
flow. The current measuring means 41 receives the charging/ 
discharging current flowing through this sense resistor 40. 
When it has, for example, two input ports, the means 41 
outputs a voltage in accordance with the magnitude of the 
charging current to one input port when the phasing current 
flows through the sense resistor 40. and outputs a voltage in 
accordance with the magnitude of the discharging current to 



9 

the other input port when the discharging current flows 
through the sense resistor 40. 

In this way. in the fourth embodiment illustrated in FIG. 
3B, by making joint use of one resistor for the sense resistor 
for the detection of the charging current and the sense 
resistor for the detection of the discharging current, it 
becomes possible to measure the charging/discharging cur- 
rent of the rechargeable battery 3 with a simple configura- 
tion. 

Below, the present invention will be explained in further 
detail according to specific examples. 

One specific example of the present invention will be 
illustrated in FIG. 4. 

In the figure. 50 is a rechargeable battery, that is, a 
rechargeable battery constituted by the series-connected 
battery cells; 51. a DC connecton thai is. a connector for 
receiving power from the outside when operating the appa- 
ratus by an AC adapter or when charging the rechargeable 
battery 50 mounted inside the apparatus by the AC adapter; 
52. a DC/DC converter, mat is. a power supply circuit far the 
apparatus which receives the supply of power from an 
external power source supplied via the DC connector 51 or 
from the rechargeable battery 50 and thereby produces the 
voltage required by the apparatus; 53. a charger, that is. a 
constant current source for producing the power necessary 
for charging the rechargeable battery 50 when the power is 
supplied from the outside via the DC connector 51; 54. a 
control circuit constructed inside the charger 53, that is, a 
control mechanism for executing constant current control 
under the PWM control mode; 55. a current measuring 
circuit that is. a measuring circuit for measuring the 
charging/discharging current of the rechargeable battery 50; 
and 56. a microcontroller, that is, a charging control mecha- 
nism for issuing commands for the start and end of the 
charging. 

D, and D 4 are protection diodes for preventing reverse 
current which prevent power from flowing out from the 
rechargeable battery 50- to the outside when the AC adapter 
is not being operated due to the fact AC power is not 
supplied to the AC adapter etc. D 2 is a protection diode for 
supplying the power from the rechargeable battery 50 to the 
DC/DC converter 52 when the power is not supplied from 
the outside and. at the same time, for preventing the voltage 
from being applied to the rechargeable battery 50 when the 
power is supplied from the outside via the DC connector 5L 

Tt l is a main transistor for switching which performs an 
ON/OFF operation according to the command from the 
control circuit 54; L A , a choke coil; D 3 . a fly-wheel diode; 
and C 1 . a capacitor for smoothing. 

Ro is a sense resistor for measuring the charging current 
flowing to the rechargeable battery 50. Hie voltage drop due 
to the charging current flowing through this sense resistor Ro 
is divided by the resistors R r and R 3 and, at the same time, 
divided by the resistors R 3 and and input to an ERR1 
terminal of the control circuit 54. R* is a sense resistor for 
measuring the current consumed by the apparatus. Hie 
voltage drop due to the consumption of current flowing 
through this sense resistor R* is divided by the resistors R 7 
and Re and, at the same time, divided by the resistors R» and 
R 10 and input the ERR2 terminal of the control circuit 54. 

A voltage ti which is given to the ACADP-terminai of the 
control circuit 54 is for notifying the supply able maximum 
current of the AC adapter to the control circuit 54 and is 
given as a voltage value corresponding to the current value. 
e 2 . which is given to a MAXC- terminal of the control circuit 
54. is for notifying the maximum charging current allowed 
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by the rechargeable battery 50 to the control circuit 54 and 
is given as a voltage value corresponding to the current 
value, e* which is given to a Vr terminal of the control 
circuit 54, is for notifying the maximum supply voltage 
allowed by the battery to the control circuit 54 and is given 
as the voltage value. 

Tr 2 is a switch circuit for protection for preventing the 
voltage of the rechargeable battery 50 from being supplied 
to the control circuit 54 and, at the same time, preventing the 
power from leaking from the rechargeable battery SO via the 
resistors R t to by opening the ground side of the control 
circuit 54 when the power is not supplied from the DC 
connector 5L R^ and R 22 are voltage detecting resistors for 
turning OFF the switch circuit 1r a when the power is not 
supplied from the DC connector 51 by detecting this. 

A concrete example of the control circuit 54 will be 
illustrated in FIG. 5. 

As shown in this figure, the control circuit 54 is consti- 
tuted by six error amplifiers 540-1 (i=l to 6). a triangular 
wave generator 541, a PWM comparator 542, and a driver 
543. 

This first error amplifier 540-1 (ERA0 is an amplifier for 
measuring the voltage drop across the sense resistor Ro and 
outputs a voltage proportional to the cha rging current flow- 
ing through the sense resistor R 0 . The fourth error amplifier 
540-4 (ERAJ amplifies a differential value between the 
charging current which is output by the first error amplifier 
540-1 and the maximum charging current (e^) allowed by 
the rechargeable battery 50 to be given to the MAXC- 
texrninal and inputs the amplified differential value to the 
PWM comparator 54Z 

The second error amplifier 540-2 (ERAa) is an amplifier 
for measuring the voltage drop across the sense resistor R^ 
and outputs a voltage proportional to the value of the 
consumption of the current flowing through the sense resis- 
tor Rg. A fifth error amplifier 540-5 (ERA 3 ) amplifies a 
differential value between the current consumption value 
output by the second error amplifier 540-2 and the yn"i™"m 
supply current value (e^ supplyabie by the AC adapter to be 
given to the ACADP-terminal and outputs the same as the 
maximum useable current value. 

A sixth error amplifier 540-6 (ERA*) amplifies a differ- 
ential value between the charging current which is output by 
the first error amplifier 540-1 and the maximum useable 
current which is output by the fifth error amplifier 540-5 and 
inputs the same to the PWM comparator 542. A third error 
amplifier 540-3 (ERA 3 ) amplifies a differential value 
between the apply voltage to the rechargeable battery 50 
which is input to the first error amplifier 540-1 and the 
maximum supply voltage (e^ allowable by the rechargeable 
battery 50 which is given to the Vr terminal and inputs the 
amplified differential value to the PWM comparator 542. 

Here, the error amplifier 540-L, receiving as its input the 
limit value, operates so as to output the prescribed voltage 
when the measured value and the limit value are equal, 
output a voltage larger than the prescribed voltage thereof 
when the limit value is larger than the measured value, and 
output a negative value or "(T when the measured value is 
larger than the limit value. 

The triangular wave generator 541 produces a triangular 
wave voltage having a prescribed period and inputs the same 
to the PWM comparator 542. The PWM comparator 542 
receives as its inputs the voltages output by the fourth error 
amplifier 540-4. sixth error amplifier 540-6. and the third 
error amplifier 540-3 and the triangular wave voltage output 
by the triangular wave generator 541 and generates a pulse 
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having a pulse width according to the input voltage, The 
driver 543 is a driver circuit for driving the main transistor 
Tr,. turns ON the main transistor Tr t during a period when 
(he PWM comparator 542 outputs a high level and. at the 
same time, turns the main transistor Ttj OFF during a period 
when the PWM comparator 542 outputs the low lcveL 

A concrete example of me PWM comparator 542 is 
illustrated in FIG. 6. 

The PWM comparator 542 of this concrete example is 
constituted by comparison circuits which are provided cor- 
responding to the input voltages from three error amplifiers, 
compare the output voltages of the error amplifiers and the 
triangular wave voltage generated by the triangular wave 
generator 54L and output a high level when the input 
triangular wave voltage is smaller, and output a low level 
when the input triangular wave voltage is larger, and an 
AND gate which calculates fee AND value of the output 
values of all comparison circuits and outputs the resultant 
value. Due to this, the comparison circuits generate a pulse 
having a pulse width according to the output voltage of the 
error amplifier. The comparison circuit corresponding to the 
error amplifier with the measured value exceeding the limit 
value will operate so as not to generate a pulse since fee error 
amplifier outputs a negative value or "(T. 

According to this configuration, the comparison circuits 
in the PWM comparator 542 produce a long pulse at a higher 
level as the margin is larger when the input voltage from the 
error amplifier is within the range of the limit value and, at 
the same time, do not produce a pulse when it is not within 
the range. The AND gate inside the PWM comparator 542 
receives the outputs of the comparision circuits and outputs 
a. pulse matching the output from the coraparision circuit 
which outputs the highest level as shown in FIG. 7B. 

Namely; the PWM comparator 542 docs not generate a 
pulse when one of fee input voltages from the three error 
amplifiers exceeds fee limit and, at fee time, specifies 
the one nearest the limit value when there is no input voltage 
exceeding the limit value and generates a pulse of fee high 
level having a length in ^accordance with this. 

Responding to the generation of pulse of this PWM 
comparator 542, fee driver 543 turns the main transistor Tt } 
ON during a period when the PWM comparator 542 outputs 
an high level, and while turns the main transistor TYj OFF 
during a period when the PWM comparator 542 outputs a 
low level, thereby to control fee magnitude of the charging 
current which is generated by the charger 53 so feat fee 
output voltage of the error amplifier which becomes fee 
origin of generation of the pulse from the PWM comparator 
542 becomes a zero value. 

With a control circuit 54 of this configuration, fee charger 
53 charges fee rechargeable battery 50 by a charging current 
limited by whichever of fee charging current which is 
detected by fee sense resistor Rq (with a limit value which 
is fee rnaximiTm charging current allowed by the recharge- 
able battery 50 and the maximum useable current value 
which is output by fee fifth error amplifier 540-5) and fee 
voltage applied to the rechargeable battery 50 (wife a limit 
value which is fee maximum supply voltage allowed by fee 
rechargeable battery 50) reaches fee limit value first 

In this way, the rechargeable battery 50 is charged by fee 
nrnfm u m charging current within fee range allowed by both 
of the rechargeable battery 50 and the AC adapter, and 
therefore it becomes possible to rapidly charge the recharge- 
able battery 50 at fee time of the operation of the electronic 
apparatus 1. 

Further explaining the charging operation of the concrete 
example of FIG. 4. since the AC adapter is connected to the 
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DC connector 5t when power is supplied from the outside* 
the external power is supplied to the DC/DC converter 52 
via D x . and the DC/DC converter 52 produces the voltage 
(OUT) required by the apparatus in accordance with this. 

At this tune, if an instruction for charging is issued from 
the microcontroller 56 to the control circuit 54. the control 
circuit 54 starts the following operation to generate the 
charging current 

Namely, when current consumption through the DC/DC 
converter 52 is detected by the sense resistor R^. the 
maximum useable current of the AC adapter which becomes 
useable in that current consumption state is found. By this, 
it performs control so that the charging current of the 
rechargeable battery 50 which is detected by die sense 
resistor does not exceed the maximum useable current 
value thereof and, at the time, performs control so that 
the charging current thereof does not exceed the maximum 
charging current allowed by the rechargeable battery 50. 
Then, it performs control so that the voltage supplied to the 
rechargeable battery 50, which is detected by the sense 
resistor Ro, does not exceed the maximum supply voltage 
allowed by the rechargeable battery 50. 

Assume that in the embodiment of FIG. 4. the maximum 
charging current allowed by the rechargeable battery 50 is 
1000 mA, the capacity of the rechargeable battery 50 is 1000 
mAH, the raaximum current supplyable by the AC adapter 
is 1500 mA, the maximum value of the consumption of 
current to be used when the apparatus operates is 1100 mA, 
an average value of the consumption of current to be used by 
the apparatus at the time of operation is 400 mA. and me 
current consumption when the apparatus docs not operate is 
0 mA. At the same time, assume that there is no limitation 
on the supply voltage in the rechargeable battery 50. 

When the apparatus is not operating, all of the current 
which is supplied from the AC adapter can be used as the 
charging current of the rechargeable battery 50. and there- 
fore charging at the maximum current value 1000 mA 
allowable by the battery becomes possible. Accordingly, the. 
charging ends in about 1 hour at this time. 

On the other hand, when the apparatus is operating, the 
current consumption dynamically changes in a range of from 
0 to 1100 mA. In the present invention, charging wOl be 
carried out while dynamically changing the charging current 
in a range of from 1000 mA to 400 mA matching with this 
dynamic change. Hie average current consumption of the 
apparatus is 400 mA, and therefore also this charging current 
becomes 1000 mA on the average. This charging current of 
1000 mAis a value no different from that when the apparatus 
is not operating. Accordingly, even if the apparatus is 
operating, the charging can be carried out in about 1 hour. 

In this way, the present invention adopts a method of 
charging by the rnaxirnum capability of the AC adapter by 
dynamically changing the charging current of the charger 53 
in accordance with the current consumption on the apparatus 
side by providing a function of measuring the current 
consumption on the apparatus side. Thus, it becomes pos- 
sible to greatly shorten the charging time of the rechargeable 
battery 50. 

Contrary to this, the related art docs not adopt a configu- 
ration for dynamically detecting the cynamically changing 
power consumption on the apparatus side, therefore is 
designed considering the maximum power consumption. 
Due to this, when the rnaxirnum power consumption at the 
time of the operation of the apparatus is 1100 mA and the 
maximum current supplyable by the AC adapter is 1500 mA, 
the current value which can be used by the charger 53 
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becomes 400 mA. As a result irrespective of the current 
consumption, the charging is always carried out at 400 mA 
at the time of operation of the apparatus and therefore a 
charging time of about 3 hours becomes possible. 

Id this way, in the present invention, by charging in 
accordance with the capability of the external power source, 
it becomes possible to greatly shorten the charging time of 
the rechargeable battery 50. 

Next, an explanation will be made of the function of the 
current measuring circuit 55 provided in the embodiment of 
FIG. 4 and the microcontroller 56. 

The current measuring circuit 55 is provided for measur- 
ing the magnitude of the current flowing through the sense 
resistor R©. 

This sense resistor Rq acts as a resistor for controlling the 
constant current of the charger 53 as mentioned above, and 
further, as seen from the circuit configuration of FIG. 4, is 
provided in the path of the discharging current of the 
rechargeable battery 50. Namely, at the time of the charging 
of the rechargeable battery 50, the charging current flows 
through this sense resistor Rq, while when the AC adapter is 
not connected to the DC connector 51, the power of the 
rechargeable battery 50 is given to the DC/DC converter 5Z 
Accordingly, the discharging current will flow through mis 
sense resistor R^. Thus, this current measuring circuit 55 will 
measure both of the charging current flowing to the 
rechargeable battery 50 and the discharging current flowing 
out of the rechargeable battery 50. 

A concrete example of mis current measuring circuit 55 
will be illustrated in FIG. 8. 

As shown in this figure, the current measuring circuit 55 
is constituted by a first operational amplifier 550-1 (OV L \ a 
second operational amplifier 550-2 (0P 2 ), a third opera- 
tional amplifier 550-3 (OP 3 ) and a fourth operational ampli- 
fier 55M (OP^. This first operational amplifier 550-1 (OPj) 
receives as input one of the voltages of the two ends of the 
sense resistor R^ at a plus (non-inverting) terminal while 
connects the minus terminal to a minus (inverting) terminal 
of the second operational amplifier 550-2 via the resistor 
R 3l . The second operational amplifier 550-2 receives as 
input the other voltage of the sense resistor Rq at the plus 
terminal, while connects the minus terminal to the minus 
terminal of the first operational amplifier 550-1 via the 
resistor R 31 . the third operational amplifier 550-3 receives . 
as input the output voltage of the first operational amplifier 
550-1 at the minus terminal via the resistor R^, while 
connects the plus terminal to me ground via the resistor R^. 
The fourth operational amplifier 550-4 receives as input the 
output voltage of the second operational amplifier 550-2 at 
the minus terminal via the resistor R^, while grounds the 
plus terrninal via the resistor R^. 

By this configuration, the current measuring circuit 55 
amplifies a differential value between the value input to the 
plus terminal of the first operational amplifier 550-1 and the 
voltage input to the plus terminal of the second operational 
amplifier 550-2 and outputs the result. 

Namely, the third operational amplifier 550-3 amplifies 
the voltage difference when the input voltage of the plus 
terminal of the first operational amplifier 550-1 is higher 
than the input voltage of the plus terminal of the second 
operational amplifier 550-2. Due to this, it outputs a voltage 
proportional to the discharging current flowing through the 
sense resistor R^ Also, the fourth operational amplifier 
550-4 amplifies the voltage difference and outputs the result 
when the voltage at the plus terminal of the first operational 
amplifier 550-1 is lower than the input voltage at the plus 
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terminal of the second operational amplifier 550-2. Due to 
this, it outputs a voltage proportional to the charging cuirent 
flowing through the sense resistor R©. 

la this way, the current measuring circuit 55 is designed 
to measure both of the charging current and the discharging 
current flowing through the sense resistor Rq and discrimi- 
nates whether the current flowing through the sense resistor 
Ro is the charging cuirent or the discharging cuirent and 
produces a voltage in accordance with the magnitude of the 
current. 

On the other hand the microcontroller 56 performs the 
charging control processing by controlling the control circuit 

54 in accordance with the result of measurement of this 
current measuring circuit 55. 

FIGS. 9Aand 9B show the flow of processing executed by 
the microcontroller 56. 

First, at step 1 (ST) as shown in the flow of processing of 
FIGS. 9A and 9B, the microcontroUer 56 detects whether or 
not the AC adapter is attached This processing is executed 
by monitoring the output voltage of the AC adapter although 
this was omitted in the embodiment of FIG. 4. 

When it is detected at this step 1 that the AC adapter is 
attached, the processing routine goes to step X at which 
charging of the rechargeable battery 50 is indicated by 
activating the control circuit 54. In the subsequent step 3.- the 
remaining amount of battery power of the rechargeable 
battery 50 is read out Subsequently, at step 4, the output 
voltage of the current measuring circuit 50 is read to read the 
charging current flowing through the sense resistor R<, and 
this is integrated to update the remaining amount of battery 
power of the rechargeable battery 50. 

Next, at step 5, it is detected whether or not an instruction 
for stopping the apparatus has been issued. When it is 
detected that no command for stopping the apparatus has 
been issued, the processing routine goes to step 6, at which 
it is decided whether or not the remaining amount of battery 
power has reach full charge. When it is decided that it has 
not reached full charge, the processing routine returns to step 
4, at which the remaining amount of battery power continues 
to be updated When it is decided that it has reached full 
charge, the processing routine goes to step 7. at which the 
control circuit 54 is stopped At the subsequent step 8, the 
remaining amount of battery power is saved and the pro- 
cessing is ended 

Next, at step 5, when it is detected that an instruction for 
stopping me apparatus has been issued the processing 
routine immediately goes to step 7. at which the control 
circuit 54 is stopped At the subsequent step 8. the remaining 
amount of battery power is saved and the processing is 
ended 

On the other hand when it is detected at step 1 that the AC 
adapter has not been attached that is. when the power of the 
rechargeable battery 50 is supplied to the DC/DC converter 
52. the processing routine goes to step 9, at which the 
remaining amount of battery power of the rechargeable 
battery 50 which has been saved is read out. Subsequently, 
at step 10. the output voltage of the current measuring circuit 

55 is read to read the discharging cuirent flowing through the 
sense resistor and this is integrated thereby to update the 
re maini ng amount of battery power of the rechargeable 
battery 50. Subsequently at step 11. it is detected whether or 
not an instruction for stopping the apparatus has been issued 
When it is detected that no instruction for stopping the 
apparatus has been issued the processing routine returns to 
step 10. at which the remaining amount of battery power 
continues to be updated When it is detected that an instmc- 
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tion for stopping the apparatus has been issued, the process- 
ing routine goes to step 8, at which die remaining amount of 
battery power is saved and the processing is ended. 

In this way, the microcontroller 56 stops the charging by 
accurately detecting the completion of charging of the 
rechargeable battery 50 even if the charging current which is 
generated by the charger circuit 53 dynamically changes. 

The example of FIG. 4 adopted a configuration of input- 
ting the maximum current supplyablc by the AC adapter to 
the ACADP-terminal of the control circuit 54 in advance* 
but by utilizing the characteristic of the AC adapter, it is also 
possible to automatically detect the power supply capability 
of this AC adapter. According to this, it is possible to make 
the present invention further practical. 

An example of the correspondence between the output 
current [A] and the output voltage (V] possessed by the AC 
adapter will be illustrated in FIG. 10. This shows that the AC 
adapter has a rated output voltage of 16.0V and a rated 
output current of 1500 mA. 

As shown in this figure, the AC adapter fnatntainfc a 
voltage output of the rated output voltage when the output 
current is less than the rated output current such as 0 to 1500 
mA. If a current more than the rated output current is 
required by lowering the output voltage to for example 
15.0V, an overload state is notified to the load side. This has 
the function of cutting off the voltage output after the 
ultra-overload state is reached when a further larger current 
is required. 

This means that when the output voltage of the AC 
adapter is lowered to the prescribed lowest permissible 
output voltage, the limit of the power supply capability of 
the AC adapter is reached. By utilizing this characteristic 
when the output voltage of the AC adapter is lowered to the 
lowest permissible output voltage, the charging current of 
the charger 53 is limited This means that (be TnnTimirm 
supply current of the AC adapter required to be originally 
input to the control circuit 54 can be omitted in the example 
of FIG. 4. 

A fifth embodiment of the present invention using that 
method is illustrated in FIG. 11. 

In the figure, the same elements as those explained 
referring to FIG. 4 are Indicated by the same reference 
numerals. 

The point of difference from the embodiment of FIG. 4 is 
that a configuration is adopted wherein the resistors R u and 
R 12 for monitoring the output voltage of the AC adapter 
which is connected to die DC connector 51 are provided in 
place of the sense resistor R$ and the resistors R 7 to Xt l0 and 
the output voltage of the AC adapter divided by these 
resistors R u and R l2 is input to ERR2 minus terminal of the 
control circuit 54. Note that the voltage c x corresponding to 
the maximum charging current allowable by the recharge- 
able battery 50 is input to the ERC1 terminal of the control 
circuit 54. Also, in the embodiment of FIG. 4, the maximum 
supply voltage allowable by the rechargeable battery 5ft 
given from the outside is produced in an internal portion of 
the control circuit 54. 

FIG. 12 illustrates an embodiment of the control circuit 54 
used in the embodiment of FIG. 1L 

As shown in this figure, the control circuit 54 used in the 
embodiment of FIG. U is constituted provided with four 
error amplifiers 5444 (i=l to 4) in place of the six error 
amplifiers 540-i (i=l to 6) provided in the control circuit 54 
(shown in FIG. 5) used in the embodiment of FIG. 4. 

This first error amplifier 544-1 (ERA X ) is an amplifier for 
measuring the voltage drop across the sense resistor R$ and 
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outputs a voltage proportional to the char g ing current charg- 
ing current flowing through the sense resistor Ro. The third 
error amplifier 544-3 (ERA 3 ) amplifies a differential value 
between the rh^ing current which is output by the first 
error amplifier 544-1 and the maximum charging current 
(e J allowed by (he rechargeable battery 50 to be given to the 
ERC1 terminal and inputs this amplified differential value to 
the PWM comparator 542. 

The second error amplifier 544-2 (ERA 2 ) amplifies a 
differential value between the voltage supplied to the 
rechargeable battery 50 to be input to the first error amplifier 
544-1 and the maximum supply voltage value allowable by 
the rechargeable battery 50 which is given by the internal 
battery and inputs this amplified differential value to the 
PWM comparator 542. The fourth error amplifier 544-4 
(ERA*) amplifies a differential value between the output 
voltage of the AC adapter which is detected by the resistors 
R a andR^andthe lowest permissible output voltage of the 
AC adapter which is given by the internal battery (set to for 
example 15.0V) and inputs this amplified differential value 
to the PWM comparator 542. 

Responding to the voltages which are output by the third 
error amplifier 544-3, second error amplifier 544-2, and the 
fourth error amplifier 5444 and the triangular wave voltage 
which is output by the triangular wave generator 54L the 
PWM comparator 542 generates a pulse having a pulse 
width dependent on the input voltage. Receiving this pulse, 
the driver 543 turns the main transistor TTx ON during the 
period when the PWM comparator 542 outputs the high 
level and* at the same time., turns the main transistor TVj OFF 
during the period when the PWM comparator 542 outputs 
the low level 

This PWM comparator 542 is constituted by comparison 
circuits which are provided corresponding to the input 
voltages from three error amplifiers similar to that explained 
referring to FIG. 6 and which compare the output voltages 
of the error amplifiers and the triangular wave voltage which 
is generated by the triangular wave generator 541, output the 
high level when the input triangular wave voltage is smaller, 
and output the low level when the input triangular' wave 
voltage is higher and an AND gate which calculates the 
AND value of the output values of all of the comparison 
circuits and outputs the result Due to this, the comparison 
circuits generate pulses having pulse widths in accordance 
with the output voltages of the error amplifiers. The com- 
parison circuit corresponding to the error amplifier with a 
measured value exceeding the limit value operates so as not 
to generate a pulse since that error amplifier outputs a 
negative value or **Q m * 

Due to this configuration, as shown In FIG. 7 A, the 
comparison circuits in the PWM comparator 542 produce 
long pulses of a higher level as the margin is larger when the 
input voltages from the error amplifiers are within the range 
of the limit value and do not generate pulses when the input 
voltages are not within that range. Hie AND gate inside the 
PWM comparator 542 outputs a pulse iriatching with the 
output from the comparator outputting the short pulse at the 
highest level as shown in FIG. 7B responding to the outputs 
of these comparators. 

Namely, the PWM comparator 542 does not generate a 
pulse when one or more of the input voltages from the three 
error amplifiers exceeds the limit value and specifies the one 
nearest the limit value when there is none exceeding the 
limit value and generates a pulse of the high level having a 
length in accordance with mis. 

Responding to the generation of pulses of this PWM 
comparator 542, the driver 543 turns the main transistor Ti t 
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ON during the period when the FWM comparator 542 
outputs the high level and turns the main transistor iTj OFF 
during the period when the PWM comparator 542 outputs 
the low level Thus, the magnitude of the charging current 
which is generated by the charger 53 is controlled so that the 
output voltage of the error amplifier which originates the 
pulse of the PWM comparator 542 becomes the zero value. 

Due to the control circuit 54 of this configuration* the 
charger 53 charges the rechargeable battery 50 by a charging 
current limited by whichever of the charging current which 
is detected by the sense resistor Ro (with a limit value of the 
maximum charging current allowed by the rechargeable 
battery 50), the voltage supplied to (he rechargeable battery 
50 (with a limit value of the maximum supply voltage 
allowable by the rechargeable battery 50), and the output 
voltage of the AC adapter which is detected by the resistors 
R u and R Aa (with a limit value of the lowest permissible 
output voltage of the AC adapter) first reaches the limit 
value. That is, the charging current which is generated by the 
chaiger 53 is not limited up to the maximum output current 
allowed by the AC adapter. 

In this way, the rechargeable battery 50 is charged by the 
mfl-gimtim charging current within a range allowed by both 
of the rechargeable battery 50 and the AC adapter, and 
therefore it becomes possible to rapidly charge the recharge- 
able battery 50 at the time of the operation of the electronic 
apparatus 1. 

Now. in the fifth embodiment of FIG. 11, it is assumed 
that the maximum charging current allowable by the 
rechargeable battery 50 is 1000 mA, the battery capacity of 
the rechargeable battery 50 is 1000 mAH. the maximum 
current supplyable by the AC adapter is 1500 mA. the 
mflTimiim value of the current used when the apparatus 
operates is 1 300 mA* an average value of the current used by 
the apparatus at the time of operation is 400 mA. and the 
current consumption when the apparatus is not being oper- 
ated is Q mA. Also, it is assumed that there is no limitation 
of the supply voltage in the rechargeable battery 50. 

When the apparatus is stopped, all of the current which is 
supplied from the AC adapter can be used as the charging 
current of the rechargeable battery 50, and therefore the 
charging at the man'mum current value 1000 mA allowable 
by the battery becomes possible. Accordingly, the charging 
at this time ends in about 1 hour: 

On the other hand, when the apparatus is being operated, 
the current consumption dynamically changes in a range of 
from 0 to 1100 mA. Here, however, it is assumed that the 
current consumption of the apparatus is 1000 mA. The 
charger 53 operates so as to output 1000 mA since the 
maximum permissible charging current of the rechargeable 
battery 50 is 1000 mA. However, when the charging current 
which is generated by the charger 53 reaches 500 mA, the 
negative current value of the AC adapter becomes 1500 mA. 
and from a point of time when exceeding this 1500 mA, the 
output voltage of the AC adapter starts to drop. The control 
circuit 54 operates so as to limit the output of the charger 53 
at the point of time when the output voltage starts to be 
lowered by monitoring the output voltage of this AC adapter, 
and consequently, the charging current which is generated 
by the charger 53 is restricted to the value of 500 mA. 

When the current consumption of the apparatus is 
increased and becomes 1100 mA. a voltage drop of the AC 
adapter occurs along with the increase of this current con- 
sumption. Therefore the charger 53 further decreases the 
charging current to be generated according to the command 
of the control circuit 54 and decreases the same down to 400 



- 17- 



18 

mA. Subsequently, when the current consumption of the 
apparatus is decreased and becomes 800 mA, the output 
voltage of the AC adapter returns to the rated voltage. As a 
result, the limitation by the output voltage of the AC adapter 
is released and therefore the charger S3 increases the charg- 
ing current to be generated according to the command of the 
control circuit 54 and meets the voltage drop point of the AC 
adapter at the point of time when increasing the charging 
current to 700 mA. The current limitation starts there. 

In this way, in the present invention, in accordance with 
the capacity of the AC adapter, the charging is carried out 
along with the dynamic change of the current consumption 
of the apparatus while dynamically changing the charging 
current in a range of from 1000 mA to 400 mA. The average 
current consumption of the apparatus is 400 mA. and 
therefore also this charging current becomes 1000 mA on the 
average, This charging current of 1000 mA is a current no 
different from that when the apparatus is stopped, and 
accordingly even if the apparatus is operating, the charging 
can be carried out in about 1 hour 

In this way. the present invention adopted a method 
wherein a function of measuring the current consumption on 
the apparatus side by monitoring the output voltage of the 
AC adapter is provided. In accordance with the current 
consumption on this apparatus side, the charging current of 
the charger S3 is dynamically changed, thereby to enable 
constant charging by the maximum capability of the AC 
adapter. Due to this, the charging time of the rechargeable 
battery 50 can be greatly shortened. 

Contrary to this, the related art does not adopt a structure 
for dynamically detecting the dynamically changing power 
consumption on the apparatus side and therefore is designed 
considering the maximum power consumption. Due to this, 
when the maximum power consumption at the time of the 
operation of apparatus is 1100 mA and the maximum current 
supplyahle by the AC adapter is 1500 mA, the current 
useable by the charger 53 becomes 400 mA. As a result, 
irrespective of any current consumption of the apparatus, at 
the time of the operation of the apparatus, the charging is 
always carried out at 400 mA. and a charging time of about 
3 hours becomes necessary. 

In this way. in the present invention, by pcrfooning the 
charging in accordance with the capability of the AC 
adapter, it becomes possible to greatly shorten the charging 
time of the rechargeable battery 50. 

The present invention was explained according to the 
illustrated embodiments, but the present invention Is not 
restricted to this. For example, in the concrete examples, the 
present invention was described by using a rechargeable 
battery 50 in which the supply voltage is restricted, but it is 
also possible to use a rechargeable battery 50 in which the 
supply voltage is not restricted In this case, it is not 
necessary to constitute the system so as to limit the charging 
current by this supply voltage. 

As explained above, according to the present invention, 
where an electronic apparatus is provided with a recharge- 
able battery, it becomes possible to charge the rechargeable 
battery by the rnaxirnum charging current within a range 
allowed by both of the rechargeable batteries and the exter- 
nal power source, and therefore it becomes possible to 
rapidly charge the rechargeable battery at the time of opera- 
tion of the electronic apparatus. 

Further, according to the present invention, even if the 
charging current of the rechargeable batteries dynamically 
changes, it becomes possible to accurately detect the 
completion of charging of the rechargeable batteries. 
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Further, according to the present invention, by using the 
same resistor fox the sense resistor for the detection of the 
charging current of the rechargeable batteries and the sense 
resistor for the detection of the discharging current of the 
rechargeable batteries, it becomes possible to measure the 
charging/discharging current of the rechargeable batteries 
with a simple structure. 
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